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ABSTRACT: The COVID-19 pandemic is an urgent global health
emergency, and the presence of Furin site in the SARS-CoV-2 spike
glycoprotein alters virulence and warrants further molecular, structural, and
biophysical studies. Here we report the structure of Furin in complex with
SARS-CoV-2 spike glycoprotein, demonstrating how Furin binds to the S1/S2
region of spike glycoprotein and eventually cleaves the viral protein using
experimental functional studies, molecular dynamics, and docking. The
structural studies underline the mechanism and mode of action of Furin,
which is a key process in host cell entry and a hallmark of enhanced virulence.
Our whole-exome sequencing analysis shows the genetic variants/alleles in
Furin were found to alter the binding affinity for viral spike glycoprotein and
could vary in infectivity in humans. Unravelling the mechanisms of Furin
action, binding dynamics, and the genetic variants opens the growing arena of
bona fide antibodies and development of potential therapeutics targeting the
blockage of Furin cleavage.

The pandemic corona virus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) is an urgent public health emergency and is
having serious impacts on global health.1 To date, more than
620000 deaths and 15 million confirmed positive cases have
been reported globally, making it the most contagious pandemic
in the past decade (www.coronavirus.gov). SARS-CoV-2 is an
enveloped single-strand, positive-sense RNA coronavirus, and
its genome length of 29 kb is “hypothesized” to have transmitted
form bats. The mutations and genetic changes in the SARS-
CoV-2 continue to increase,2 making containment of the virus
difficult. Since the initial reporting of this pneumonia-causing
novel coronavirus (SARS-CoV-2) in Wuhan, China, mortality
and morbidity have increased exponentially globally despite
several antiviral and antibody treatments.3 Several antiviral
drugs targeting different host and viral proteins have been
clinically evaluated and repurposed to combat SARS-CoV-2
infection; neutralizing antibodies targeting the SARS-CoV-2
spike glycoprotein are the most frequently used.3,4 In several
major clinical studies, patients were prescribed with drugs such
as remdesivir (to block RdRp), arbidol (impede spike protein),
and ritonavir and hydroxychloroquine (unknown target).5,6

However, infection control continues to be extremely
challenging, with global case numbers increasing exponentially
(www.cdc.gov). COVID-19 is a serious concern and warrants a
detailed understanding of the molecular and structural features
of SARS-CoV-2 structural proteins under native conditions and
post-viral infection. This will improve our understanding of the
dynamics and mechanism of viral action on the human cell.

In this regard, several epidemiological and evolutionary
reports have highlighted several unique sequence deletions
and insertions in the SARS-CoV-2 genome compared to
previously known SARS, MERS, and bat coronavirus.7,8 The
viral spike glycoprotein is essential for host cell adhesion via
ACE2 and CD26 receptors.9−11 Among the various genetic
variations, insertion of a Furin protease cleavage site in the spike
glycoprotein (amino acids 682−689) is strikingly novel in
SARS-CoV-212−14 (Figure S1) and related to enhanced
virulence. This insertion was not found in other related
coronaviruses (SARS-CoV-1, bat-CoV, and Pangolin-CoV),
but MERS contains a pseudo-binding site (Figure 1A). Furin
protease belongs to the family of calcium (Ca2+)-dependent
proprotein/prohormone convertases (PCs) that are ubiqui-
tously expressed in humans, and its levels are significantly
elevated in lung cystic fibrosis.15 Furin protease also cycles
among the trans-Golgi network (TGN), the cell membrane
(viral attachment), and endosomes (viral translocation in the
endosomes). Furin recognizes the R-X-K/R-R motif and cleaves
the peptide in the presence of Ca2+16,17 and is also known for
cleaving different viral (influenza and HIV) envelope glyco-
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proteins, thereby enhancing fusion of the virus with the host cell
membrane.17−19 However, it is unclear whether Furin can bind
and act on viral spike glycoproteins to cleave the spike
glycoprotein and is directly related to enhanced virulence.
Furthermore, it is important to understand the host genetic
variants and mutation in Furin and its correlation with a
differential viral infection. Hence, understanding the mode of
interaction and mechanism of action between Furin and spike
glycoprotein warrants further structural and biomolecular
studies to understand the viral mechanism of action and for
the development of bona fide therapeutics (drugs and
antibodies).
To better understand the structural and molecular mode of

interactions between SARS-CoV-2 spike protein and human
Furin, we first undertook structural studies using molecular
dynamics and computational model-based selective docking and
simulation of SARS-CoV-2 spike glycoprotein in complex with
Furin protease. To this end, we used a previously published and
validated model structure of full-length SARS-CoV-2 spike
glycoprotein10 refined and modeled over the cryo-EM structure

[Protein Data Bank (PDB) entry 6VSB]20 and a published
structure of human Furin (PDB entry 1P8J or 1JXH).16 The
root-mean-square deviation (RMSD) of the previously pub-
lished model structure and cryo-EM structure was 0.84, which
suggests overall structural accuracy even with Furin cleavage
sites. With these individual structures, we used three
independent servers, Cluspro protein−protein docking (www.
cluspro.bu.edu), Frodock (http://frodock.chaconlab.org/), and
HADDOCK (https://haddock.science.uu.nl/), for further
validation and determination of the precision of the docking
mode and interaction (Figure S2). Among the five tentative
clusters, cluster 1 of the docked complex shows the highest
HADDOCK score, a larger reproducible cluster size, and the
lowest possible RMSD, suggesting the high likelihood of the true
structure. This confidence was also further enhanced by the
observed lowest binding free energies in cluster/model 1, which
makes us consider it for selecting the best possible model
(Figure S2B−E). Further validation and refinement were
completed by ensuring that the residues occupied Ramachan-
dran-favored positions using Coot (www.mrc-imb.cam.uk/).

Figure 1. (A) Multiple-sequence alignment of the different coronavirus spike proteins. Identical amino acids are highlighted in green, similar amino
acids in yellow, and unique Furin cleavage site amino acids in red. (B) Overall structure showing the SARS-CoV-2 spike glycoprotein homotrimer
(substrate unbound or closed conformation) in complex with human Furin protease. The three monomers of the SARS-CoV-2 spike glycoprotein
homotrimer are colored green (chain A), pink (chain B), and orange (chain C), and the docked Furin protease is colored blue. The spike protein
cleavage site is indicated by the arrow, and the S1 and S2 domains are labeled. (C)Close-up showing the single Furin interacting with its target cleavage
site (loop) of SARS-CoV-2 spike glycoprotein. Color coding and labeling are the same as for panel B. (D) Top view of panel A. Three Furin proteases at
the adjoining conformation in the S1/S2 region of spike protein can be seen.
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Figure 2. Surface and cartoon representation showing the detailed amino acid interaction between the Furin protease and SARS-CoV-2 spike
glycoprotein. (A) Front and orthogonal views of Furin (blue sticks and cartoon) interacting with the target S1/S2 cleavage site of SARS-CoV-2 spike
glycoprotein (green surface). The key residues of Furin involved in the interaction with the S1/S2 cleavage site are shown as sticks and labeled. (B and
C) Front and orthogonal views of Furin (blue surface) interacting with the SARS-CoV-2 spike glycoprotein (green sticks). For clear visualization, one
Furin-binding loop is shown. The canyon-like crevice is distinguishable in Furin, and the side chin residues of spike protein are labeled. (D and E)
Detailed structural view of the interaction between two potential Furin inhibitors {2,5-dideoxystreptamine and peptide-based drug [succinyl-Phe-2-
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The final docked complex structure was then compared with the
initial Furin structure, and their overall RMSD was found to be
0.28 Å for Ca atoms. This suggests there are no large
conformational changes upon docking. Interaction studies of
potential drugs inhibiting Furin were performed in the Maestro
software suite. All three-dimensional structures were visualized,
and figures were generated using Pymol software.
The overall docked complex structure shows three Furin

molecules binding to the mid or equatorial region (midregion of
S1 and S2 domains, S1/S2) of the SARS-CoV-2 spike
glycoprotein homotrimer at the adjacent side of the spike
trimer (Figure 1B−D). Furin binding occurs in a clamp-like
fashion, where it clips to the cleavage site of the spike
glycoprotein. Furthermore, the binding of Furin protease
creates a large burred interface of ∼970 Å2/Furin between the
proteins, as calculated from the PISA server (https://www.ebi.
ac.uk/pdbe/pisa/). This suggests a bona fide and tight
interaction of Furin protease over the spike glycoprotein and
Furin. The depth, shape, and charge of Furin protease are well-
known, and it has a canyon-like crevice. Its active site pocket is
conserved in many species, where the catalytic or substrate-
binding pocket is made of key amino acid residues R185, M189,
D191, N192, R193, E229, V231, D233, D259, K261, R298,
W328, and Q34616,17 (Figure 2A). Interestingly, these residues
are also well-positioned to interact with the viral spike protein
cleavage site in our docked complex structure. The entire
substrate-binding pocket of Furin protease appears like a
canyon-like crevice, which can accommodate a large portion
of the target protein/peptide. The docking results show that
SARS-CoV-2 spike glycoprotein amino acid residues N657−
Q690 are the prime residues interacting with the Furin protease.
The position and orientation of these unique residues involved
in Furin recognition are well-exposed. The spike protein
residues N657, N658, E661, Y660, T678, N679, S680, R682,
R683, R685, S689, and Q690 strongly interact with the Furin
protease (Figure 2B).
The biophysical analysis shows that the interaction between

the viral spike glycoprotein and Furin protease is mediated via
several van der Waals bonds or hydrogen bonding. The entire
cleavage loop or Furin site of viral spike protein fits and/or docks
into the canyon-like substrate-binding pocket of Furin protease,
which further corroborates the binding mode and orientation of
Fuin over the spike glycoprotein. Furthermore, previous reports
on the glycosylation of spike glycoprotein show that the Furin
cleavage site in the SARS-CoV-2 spike glycoprotein is not
targeted by glycosylation and this cleavage loop is completely
solvent-exposed.10 This validates the potential attack of Furin
protease over the S1/S2 cleavage site. Furin modeled in
complexes with potential Furin inhibitors {2,5-dideoxystrept-
amine and peptide-based drug [succinyl-Phe-2-Nal-(Arg)3-
Lys]-Lys-4-Amba}21,22 was also found to bind Furin protease
with a higher affinity and shares the same conserved amino acid
residues to interact with the proposed drugs (Figure 2D,E). This
suggests that these drugs could potentially act by inhibiting
Furin’s interaction with the SARS-CoV-2 spike glycoprotein.
The interaction between potential Furin inhibitors is mediated
by several polar, hydrophobic, and salt-bridge interactions,
which is consistent with the observed binding interactions

between SARS-CoV-2 spike protein and Furin. The binding of
these drugs also exhibits a very high affinity, and theirΔG values
are −13 and −14.6 kcal, respectively, as estimated computa-
tionally. We next searched for other possible potential drugs or
inhibitors23 that could truly abolish the interaction with SARS-
CoV-2 spike protein based on our complex binding mode, which
is an addition to the action of a Furin inhibitor.
In this regard, we next looked at other potential known drugs

or inhibitors of Furin and a related class of metalloproteases,
which could potentially and structurally block the interaction
between Furin and SARS-CoV-2 spike protein.23−25 Some of
these potential inhibitors are peptide-linked inhibitors such as
Amba compounds, which have been observed previously to be
effective in blocking the catalytic pocket of Furin.21,22,24,26

Hence, we also analyzed the effectiveness of Amba compounds
in blocking the interaction with SARS-CoV-2 spike protein
individually. Among the various classes of inhibitors mentioned
above, m-guanidinomethyl-Phac-RVR-Amba, H-Lys-Arg-Arg-
Tle-Lys-4-Amba, c[glutaryl-BVK-Lys-Arg-Arg-Tle-Lys]-4-
Amba, and p-guanidinomethyl-Phac-R-Tle-R-Amba were
found to be most effective in blocking as they cover the larger
surface area of the Furin in addition to its catalytic pocket. To
corroborate that these drugs could structurally and functionally
impede or abolish interaction with SARS-CoV-2 spike protein,
we performed further docking studies with inhibitor-bound
Furin with SARS-CoV-2 spike protein. As expected, we did not
notice any interaction or complex formation with the Furin
active pocket or at the cleavage site in spike protein (data not
shown, as a result of the absence of complex formation). This
suggests the effective abolishment of interaction with the SARS-
CoV-2 spike protein. Binding of larger and cyclic inhibitors or
drugs not only blocks the catalytic pocket of Furin but also
masks the passive or noncatalytic sites that enhance or impede
any passive or weak interaction with SARS-CoV-2 spike protein.
This makes these longer peptide-linked inhibitors more
competent and also stable as these inhibitors are linked with
the stable peptide bond.21,26 Interestingly, we also notice that
cyclosporin drugs were also found to be potentially bind well to
Furin.
On the contrary, smaller peptide-like inhibitors such as N-{2-

methoxy-4-[(1-methylpiperidin-4-yl)oxy]phenyl}-4-(1H-
pyrrolo[2,3-c]pyridin-3-yl)pyrimidin-2-amine, decanoyl-Arg-
Val-Lys-Arg-chloromethylketone inhibitor, and p-guanidino-
methyl-phenylacetyl-Arg-(3-methylvaline)-Arg-(amidomethyl)
benzamidine were found to block the active site only, but this
was sufficient to block Furin activity.17,26 Virtual studies and
superimposition of all of these competent drugs in Furin were
also observed to effectively accommodate the large active pocket
of Fuin, which further suggests its higher potency. In this regard,
it has been demonstrated that different peptide-linked inhibitors
such as Amba compounds have been used as a potential
inhibitors.21,23,25 These observations of drug binding and
blocking the function of Furin and their efficacy at impeding
the interaction with SARS-CoV-2 spike protein warrant further
preclinical and future clinical studies.
We next looked at the artificially inserted and engineered

Furin cleavage site in the SARS-CoV-1 spike glycoprotein that
showed cleavage of spike protein into S1 and S2 domains in the

Figure 2. continued

Nal-(Arg)3-Lys]-Lys-4-Amba} at the catalytic site of Furin. The position and residue names are labeled accordingly, and the type of interaction
between the individual drug and amino acids is marked as shown in the legend.
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Figure 3. (A) Proteolytic processing in natural Chinese hamster ovary cells and FD11 (Furin-deficient) cells. Wild-type (WT) spike glycoprotein and
the Furin site-containing engineered spike glycoprotein (HTVR). The S glycoprotein in cell lysates was affinity isolated. The Endo-H-resistant (Sr)
and Endo-H-sensitive (Ss) forms of the S glycoprotein are indicated. The cleaved S1 and S2 polypeptide fragments are denoted and consistent with a
molecular weight with cleavage in the S1/S2 junction region. Figure adapted and modified from ref 18. (B) Structural interpretation after Furin
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presence of Furin protease, when tested in Chinese hamster
ovary (CHO) cells (Figure 3),18,27 whereas the Furin protease
knockout CHO cells showed no cleavage of spike glycoprotein.
This is consistent with the absence of a Furin site in the SARS-
CoV-1 spike glycoprotein, which is resistant to Furin protease
(Figure 3A). On the basis of the structural, functional, and
biophysical observations of Furin binding, we structurally
showed that the binding and cleaving (priming) of the SARS-

CoV-2 spike glycoprotein in the S1/S2 region by Furin protease
result in the separation of the N-terminal S1 domain (Figure
3B,D) (Movie S1) involved in host cell recognition (interact
with ACE2 or CD26) and C-terminal S2 membrane-anchored
domain (Figure 3A,C) involved in host cell penetration and
entry (may involve in the interaction with other proteases such
as TMPRSS2). In support of this supposition, the presence of
the Furin cleavage site in infectious bronchitis virus has

Figure 3. continued

cleavage in the S1/S2 junction region of SARS-CoV-2 spike glycoprotein. Surface (S1 domains) and cartoon (S2 domains) representation showing the
cleaved and separated structures of S1 and S2 domains after Furin cleavage. (C) Three monomers of the SARS-CoV-2 spike glycoprotein homotrimer
of S2 domains colored green (chain A), pink (chain B), and orange (chain C). (D) Surface representation of the S1 domains shown in shades of gray.
(E) Molecular dynamics simulation studies showing the oscillation and B-factor profiles of wild-type and Furin-cleaved SARS-CoV-2 spike
glycoprotein. The amino acid residue position is shown on theX-axis, and the degree ofmovement of amino acids as the B-factor is shown on the Y-axis.

Figure 4. (A) Genome (green) and exome (blue peaks) regions of Furin on human chromosome 15. The transcripts are shown in the black boxes, and
yellow dots indicate the overservedmutations or SNPs or genetic variations. The sequence region is labeled. (B) Structure of the Furin protease (active
or catalytic domain) as a blue ribbon model, with observed missense mutations found in the exome sequencing shown as green (noncatalytic pocket
residues) and orange (residues involved in drug and spike protein interaction) surface patches. (C) The effect of human genetic mutations or variant
alleles in the catalytic pocket of Furin alters the binding free energy (kilocalories) with SARS-CoV-2 spike protein. Each genetic variant and its
respective binding free energy with spike protein are shown. (D) Table of missense mutations and their positions and SNP IDs.
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pronounced virulence,28 suggesting Furin cleavage increases
virulence.13,29 Hence, the presence of Furin sites in the spike
glycoprotein is a hallmark of enhanced virulence, thus making
SARS-CoV-2 a highly virulent strain.
To validate this hypothesis, we performed virtual biophysical

experiments using molecular dynamics and simulations for the
SARS-CoV-2 spike protein and Furin protease complex
structure employed the servers DynOmics (www.gnm.csb.pitt.
edu)30 and LARMD (www.chemyang.ccnu.edu). The time
course simulations at 10 ns were recorded. B-Factor profiles and
domain separation analysis combined with simulation studies
were performed using the DynOmics server and validated with
Schrodinger molecular dynamics tertiaries. Our extended
biophysical molecular dynamics and simulation studies also
suggest that the cleavage of spike glycoprotein in the S1/S2
region (Figure S1 andMovies S2 and S3) decreased the stability
of the S1 domains of the protein, suggesting the possible
separation of domains. These observations were further
substantiated with extended molecular dynamics and simulation
studies to address the flexibility of domains with respect to the
cleavage of spike protein by Furin (Figure 3E and Figure S3). It
is evident from the molecular dynamics that the wild-type
protein possesses a low B-factor (stability factor, where a lower
number indicates greater stability) but the N-terminal domain
B-factor drastically increases with the cleavage action by Furin
(Figure 3E). Increases in B-factors were also directly linked with
the domain superstation as the complex structure is
thermodynamically unstable and considerably flexible, which
will cause Furin and the spike protein to separate. Hence, we
next sought to check the domain separation action in response to
Furin cleavage through biophysical and time course eigenvectors
(separation dynamics). As shown in Figure S3, abrupt and
higher eigenvectors were observed at the N-terminal (S1)
domains. Increased eigenvectors are directly linked with domain
separation, whereas the C-terminal (S2) domain maintains low
eigenvectors and provides a high degree of confidence for
retaining a stable homotrimer structure as shown in Figure 3C.
Due to the enzymatic cleavage and separation of the S1 and S2

domains, the inhibitors for ACE2 may be least effective and host
receptors are not required for further cell penetration. This also
raises the point that these cleavage activities need to be
considered with respect to the production of neutralizing
antibodies targeting SARS-CoV-2 spike glycoprotein. This
makes SARS-CoV-2 more virulent, and previously existing
antibodies or ACE2 inhibitors are not highly effective against the
virus. This study is also the first to show biophysically and
structurally how human Furin interacts with the coronavirus
spike glycoprotein, which underlines its mechanism of action.
This structural and molecular dynamics study has great
implications for the further development of Furin protease
inhibitors, to block the protease activity of Furin and too aid in
the development of bona fide antibodies targeting the S1/S2
Furin cleavage site of spike glycoprotein, which warrant further
clinical investigation.
On the contrary, the gene expression levels and profile of an

enzyme provide the possible infection target region and its
severity. We first looked at the endogenous gene expression
levels of Furin from human isolates from different parts of the
body (Figure S5A). As expected, higher levels of Furin
expression were found in the lungs and liver. Furthermore,
elevated levels of expression were also found in the prostate
gland (Figure S3A), which may have implications for the greater
susceptibility of men versus women as noticed from the different

epidemiological studies in which more men are infected with
SARS-CoV-2.31,32 Similarly, we also looked into the expression
profiles under different cancer conditions (Figure S5B), which
underlines the importance of Furin not only in relation to viral
infection but also for different disease conditions. This also
warrants further studies of the expression levels with respect to
genetic variations or alleles in humans. The presence of alleles or
genetic variations is directly linked to altered infections in
humans due to its different binding to target virulent proteins.33

Such genetic variants or alleles were also found with HIV,
malaria, and other infections, leading to a different resistance or
infection rate.34,35

To unravel the genetic variants in human Furin and to
understand the possible differences in virulence, we performed
whole-exome sequencing analysis of Furin protease from the
sequencing data of nearly 40000 human individuals derived
from next-generation sequencing data from the GTIxp portal
and GenomeAD V3.1 repository.36,37 The exome sequence data
were filtered to extract only missense mutations that occurred in
the whole exome of human Furin encoded on chromosome 15.
All missense and deleterious mutations/SNPs or genetic alleles
or variants are tabulated for further structural and binding
analyses. The gene encoding Furin is located on chromosome 15
and stretches from the region 91,418,869 to 91,425,180
(containing both exome and genome regions) (Figure 4A). It
was surprising to notice from the genome sequence alignment of
Furin among the 40000 human individuals, several hundred
genetic variants or alleles were found in Furin (Figure 4A and
Table 1 of the Supporting Information). However, most of the
variants were synonymous (no change in the amino acid
sequence), and nearly 160 SNPs or alleles are missense and
nonsense variants. Among all of these alleles or variants, 11
variants were found to be located in the active site or catalytic
pocket of Furin (Figure 4C,D), which is directly involved in the
interaction with the target SARS-CoV-2 spike protein or any
candidate drug that could block Furin activity and impede
further biophysical processes. Furthermore, the allele frequency
was also high, suggesting its presence in a large proportion of the
population (Figure 4D).
To test the significance of the variants in binding SARS-CoV-

2 spike protein, we performed binding energy calculations
virtually by mutating individual amino acid residues and docked
or simulated the structures to measure the overall binding free
energy (kilocalories) in the presence of SARS-CoV-2 spike
protein. As shown in Figure 4B, in the structure of Furin
protease, the key residues involved in the interaction or catalytic
pocket (highlighted as an orange surface) are completely
surrounded and directed to the site. The binding kinetics and
biophysical characterization show that wild-type Furin binds to
spike protein with a free energy of −37 kcal and most of the
mutants showed a significant decrease in binding affinity with
the spike protein (Figure 4C). Among the different mutations,
the most significant genetic variant was found to be W254G.
With a calculated binding free energy of−11 kcal, this indicates a
>3-fold decrease in binding affinity (Figure 4C). The decrease in
binding affinity can be directly correlated with the decrease in
the extent of viral infection, as the action of Furin over the spike
protein will be limited. Unravelling the genetic mutations and
their binding affinities underlines the significance of the
development of therapeutics and of understanding the genome
variation leading to differential infection rates, which warrants
further clinical studies.
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Similarly, the rate and number of SNPs or mutations in SARS-
CoV-2 within five months of the initial outbreak underline the
complexity of the quick evolution of SARS-CoV-2. As human
Furin targets SARS-CoV-2 spike protein, the mutations or SNPs
are surface-exposed, and in the solvent-accessible regions, some
are involved in host receptor (ACE2 and CD26)10,14,20 binding
and to a minor extent in the Furin cleavage site (Figures S6 and
S7). However, how these mutations influence the pathogenicity
and virulence is elusive and requires further investigation. Most
of the mutations observed are “missense” SNPs or variants in the
adjacent loop region (not the neighboring amino acids) of the
Furin-binding site of the SARS-CoV-2 spike protein (Figures S6
and S7), which might be passively involved in building an
interface with Furin. These mutations could impact virulence
and could contribute to resistance toward inhibitors or
antibodies. However, some of these mutations were found to
revert over the time course.We also note that nomutations were
observed at the Furin cleavage site or the neighboring amino
acids, making the spike protein still susceptible to cleavage by
the action of Furin. This warrants the use of abundant caution by
the medical fraternity and pharmacologists in using antivirals
and antibodies and the need to screen which drugs are
compatible and promising with respect to their respective
SARS-CoV-2 variant for treatment.
In conclusion, our structural docking, biophysical analysis,

and molecular dynamics studies demonstrate that human Furin
protease binds to SARS-CoV-2 spike protein with high affinity
(−37 kcal) and cleaves the viral spike protein into S1 and S2
domains. The drug docking analysis demonstrated that 2,5-
dideoxystreptamine and the peptide-based drug [succinyl-Phe-
2-Nal-(Arg)3-Lys]-Lys-4-Amba bind to Furin with high affinity
(−13 kcal), establishing various hydrogen bonds and polar and
hydrophobic interactions, and these may act as potential
antiviral drugs against SARS-CoV-2. Furthermore, the unravel-
ling of the genetic variants of Furin in humans and the binding
affinities of Furin for target viral protein highlights the role and
protection mechanism of viral infection. Unravelling the
structure and understanding the binding mechanism of Furin
protease, drug molecules, and genetic variants in host Furin and
SNPs in SARS-CoV-2may assist in the development of potential
therapeutics or drugmolecules to efficiently target SARS-CoV-2.
Moreover, the structural analysis and detailed interaction map
provide deeper insight and encourage further drug development
studies.
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